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Genomic plasticity is emerging as a mechanism of phenotypic variation both within individual organisms and across
species over evolutionary time. This Genomics Select examines recently reported examples of genomic plasticity at
work as well as the mechanisms for how one mode of genome alteration, transposition, is regulated.
The Genomic Sleight of Potato Blight
The Irish potato famine, aswell as countless other potato crop failures, was caused by
the fungus-like oomycete pathogen Phyophthora infestans. This species has proven
to be resilient because of its ability to rapidly evolve genetic weaponry to overcome
host resistance. Haas et al. (2009) now report the complete genome sequence of
P. infestans. The genome reveals an extensive and complex expansion of genetic
material compared with the genomes of other members of this genus. In particular,
the analysis indicates that families of genes critical to infection undergo frequent turn-
over and expansion. This may be due to their location in the genome within regions
enriched in transposable elements and repeat sequences that are prone to proliferate.
Although these genes themselves are not encoded by transposons, the preponder-
ance of mobile elements in the genomic regions where these genes reside likely facil-
itates recombination accounting for the rapid loss and gain of these genes. These dynamics speed the diversification of the
genes promoting infection and probably contribute to the adaptability and evolutionary success of P. infestans. The genome
sequence of P. infestans will be a useful tool for understanding more about the biology and potential Achilles’ heel of this
threatening pathogen.
B.J. Haas et al. (2009). Nature 461, 393–398.
Making Wine with Help from Your Friends
While genomic plasticity in the potato pathogen has unwelcome consequences for humans,
genomic plasticity in a different organism can yield more pleasant outcomes, such as a smooth
glass of wine. The budding yeast Saccharomyces cerevisiae has a long history in commercial
fermentation, and hundreds of distinct strains are currently used in the wine industry. Investi-
gating the unique properties of one of these strains, EC1118, Novo et al. (2009) now uncover
a surprising set of gene transfer events that contribute to this strain’s genomic make-up.
Whole-genome sequencing of EC1118 reveals three large gene clusters, each on a separate
chromosome, that are present in EC1118 but not in the S. cerevisiae laboratory strain. Bioin-
formatics analyses followed by PCR-based assays and DNA sequencing indicate that these
gene clusters had been transferred to EC1118 from other species. The donor of one of the clus-
ters was identified as Zygosaccharomyces bailii, a frequent contaminant in fermenting wine.
The donors of the other two clusters appear to be unidentified species, one of which seems
to be closely related to the Saccharomyces genus; the other is likely to be from a different
genus in a more distant clade. This generous genetic donation may have transpired by direct
lateral transfer or through mating. The 34 open reading frames encoded in the transferred cluster are likely to be functionally
important for wine fermentation as they encode proteins involved in fructose digestion, the stress response, and carbon and
nitrogen metabolism. The transferred open reading frames are enriched among yeast strains used in wine fermentation
compared to other S. cerevisiae isolates. This indicates that the transfer events are recent and suggests that these genes
may be adaptive for fermentation conditions. These striking examples of eukaryote-to-eukaryote gene transfer may represent
a widespread practice of taking advantage of cohabitants to increase genetic variation within a species.
M. Novo et al. (2009). PNAS. Published online September 9. 10.1073/pnas.0904673106.
Stowaway MITES Parasitize Mariners
Mobilization of genetic material to transfer DNA between separate strains as seen in wine yeast is probably less common than
the mobilization of genetic material within the same organism via transposable elements. Transposable elements often
encode a transposase enzyme to catalyze their amplification and mobilization, but some do not. Nevertheless, these strip-
ped-down elements manage to attain high copy numbers throughout eukaryotic genomes. One example is found in the
rice genome, which contains 22,000 copies of a particular miniature inverted repeat transposable element (MITE). This so-
called Stowaway MITE appears to have been amplified from a small number of elements. In a new study, Yang et al.
(2009) investigate why StowawayMITEs are so mobile and discover that they can hijack transposases from distantly related
transposons. In addition, they lack a molecular brake limiting transposition that other mobile elements possess.Mariner-like
elements represent a class of transposons in rice that share some similarities with rice StowawayMITEs. So, the authors used
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a yeast-based assay to test whether transposases fromMariner-like elements could catalyze the transposition of Stowaway
MITEs. It turns out they could. Surprisingly, aMariner-like transposase excised a StowawayMITE during transposition more
frequently than it excised aMariner-like element. This led the authors to discover through a series of experiments with muta-
genized elements that the Stowaway MITEs lack a region that represses excision. The results explain both how Stowaway
MITEs achieve large copy numbers in genomes and why in rice they far exceed the number of Mariner-like elements that
evidently restrict their own frequency of transposition. The authors speculate that this restriction is an adaptive strategy for
limiting harm to the host genome. The Stowaway MITEs, on the other hand, seem to be less conservative parasites, both
with respect to the host genome and with respect to their fellow transposons whose enzymes they happily commandeer
for their own ends.
G. Yang et al. (2009). Science 325, 1391–1394.
Retrotransposons Burst into Action
Genomic analyses have revealed a rich history of retrotransposition
in Arabidopsis plant species, yet transposition of endogenous long
terminal repeat retrotransposons has not been observed directly in
the laboratory species A. thaliana. Now, Tsukahara et al. (2009)
uncover conditions that stimulate bursts of retrotransposition in
A. thaliana resembling those that occur in natural Arabidopsis pop-
ulations. Knowing that an Arabidopsismutant with decreased DNA
methylation—called ddm1 for DECREASE IN DNA METHYLATION
1—enables derepression of retrotransposition, the authors inten-
sively studied several lines of this mutant. They observed no trans-
position in wild-type lines, but in the ddm1 mutant they detected
transposition of several retrotransposon families including the
gypsy, copia, and Mutator families. Interestingly, the degree of amplification and transposition of each family varied signifi-
cantly between the different ddm1 lines studied. The variability indicates an element of stochasticity in the transposition bursts
and hints at diverse control mechanisms for each of the retrotransposon families. The stochastic retrotransposition bursts
observed in this experimental context appear to mimic the retrotransposition events that occur in natural plant populations.
Thus, the system provides a rich opportunity for studying the dynamics and regulation of Arabidopsis retrotransposons, in the
wild and in the laboratory.
S. Tsukahara et al. (2009). Nature 461, 423–426.
Epigenetics Reins In a Fugitive
Decreased DNAmethylation may stimulate retrotransposition in plants, but is there more to the story? The answer is yes, ac-
cording to Mirouze et al. (2009). They demonstrate that reduced DNA methylation stimulates the transcription of plant retro-
transposons, but they show that this is just one of the steps promoting retrotransposition. They also provide evidence that the
mechanisms controlling transposition are distinct for each transposon family, consistent with the results of Tsukahara et al. In
their new study, Mirouze et al. selected epigenetic recombinant inbred lines (epiRILs) of Arabidopsis derived by crossing wild-
type A. thaliana with a mutant plant lacking a methyltransferase. They discovered that a member of the copia family of retro-
transposons, which they call E´vade´ (EVD), is transcribed in the absence of DNA methylation in the region of transcript initia-
tion. However, although both the methyltransferase-deficient parent and one of the epiRIL mutant plant lines exhibited similar
EVD transcript levels, only the epiRIL plant line could convert the transcripts to extrachromosomal DNA, the next step in the
retrotransposition process. The authors then asked which factors are involved in posttranscriptional retrotransposon
silencing. They engineered mutations in candidate genes in the methyltransferase-deficient plants and assayed them for
extrachromosomal DNA accumulation and retrotransposition. They found that the RNA polymerases PolIV and PolV and
the histone H3 lysine 9 methyltransferase KRYPTONITE participate in the posttranscriptional control of the EVD transcript.
Although PolIV and PolV are known to be involved in RNA-directed DNA methylation, the authors provide evidence that
the observed posttranscriptional effects on transposition are independent of DNAmethylation. Surprisingly, the plant mutants
that supported EVD mobilization did not stimulate the mobilization of other transposons. These findings reveal the role of
epigenetic modifications in the control of transposition and set the stage for understanding how different regulatory mecha-
nisms are customized for different classes of transposons.
M. Mirouze et al. (2009). Nature 461, 427–430.
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